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PROBLEM TO BE SOLVED: To make the compsn. nontoxic and to lower its TCR 
(resistance temp, coefft.) by dispersing an Ru based conductive material, lead and Cd-free 
specific glass compsn. into an org. medium. 

SOLUTION: A base solid composed of (A) 5 to 65 wt.% Lu based conductive material and 
(B) 95 to 35 \A/t.% glass compsn. contg. 5 to 70 mol.% Bi03, 18 to 35 mol.% Si02, 0.1 to 
40 moL% CuO, 5 to 25 mol.% ZnO, 0.5 to 40 mol.% CoO, 0.5 to 4 mol.% Fe203 and 0.5 
to 40 wt.% MnO and not contg. lead and Cd is mechanically mixed into (0) the org. 
medium at a ratio of A+B component/C component = 60/40 to 90/10. The paste-like 
compsn. which has consistency adequate for screen printing and rheology and is 
adequate for pattern formation of resistors or thermistors on a substrate is obtd. 
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* NOTICES * 

JPO cmd NCI PI are not responsible for smy 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is a suitable thick- film-paste constituent to form the pattern of resistance or a thermistor 
on a substrate. (— a — ) — a ruthenium — a system — conductivity — an ingredient — five - 65 — % of 
the weight - (- b -) - five - 70 - a mol - % - BiO - three - 18-35-mol % of Si02, 0.1-40-mol 
% of CuO, 5-25-mol % of ZnO, 0.5-40-mol % of CoO, and 0.5-40-mol % of Fe 203, And the thick- 
film-paste constituent characterized by containing a 95 - 35 % of the weight [ of glass constituents 
which do not contain lead and cadmium ] base solid including 0.5 - 40% of the weight of MnO, and 
distributing all of (a) and (b) in an organic medixun. 

[Claim 2] The thick-film-paste constituent characterized by being chosen firom the group which said 
ruthenium system conductivity ingredient becomes from Ru02, the compounds corresponding to the 
following general formula, and such mixture in claim 1 . 

(McBi2-c) 07-e — here, M (M'd Ru2-d) The thing of the group who consists of an yttrium, an 
indium, and rare earth metals of the atomic numbers 57-71 which contains a kind at least, and M' c 
platinum, titanium, chromium, a rhodium, and whose antimony are kinds at least The number of the 
range of 0-2 and d are 0 - about 0.5 number, and when M' is a rhodium, are contingent [ on d being 
the number of larger range than 1 , when 0-1 , or M is platinum and titanium ], and e is the number of 
the range of 0-1. 

[Claim 3] claim 1 — setting — further — the following — the 2nd glass constituent containing (1) and 
(2) - containing - (1) 65 - 85-mol glass forming oxide [ % of]; - this B-2 03 25-55-mol % and SiO 
40-10-mol % and aluminum 203, other glass forming oxides chosen from Bi 203, ZrO(s)2, and such 
mixture — 30-0-mol % — (2) 35 - 15-mol % glass denaturation oxide; to contain — this With what 
does not exceed 10% of MgO with a 3-35-mol % alkaline-earth-metal oxide, and a 0-28-mol % 
permutation oxide CuO, Cu2 What is chosen fi-om O, ZnO(s), and such mixture, ** — since — it 
becomes essential — among these ~ any — although — the thick-film-paste constituent characterized 
by what ten-mol % is not exceeded, these sum totals do not exceed 80% of the total amount of said 
glass denaturation oxide, and said 2nd glass constituent does not contain lead and cadmium for. 
[Claim 4] In claim 1 said glass 0.5-2-mol % of MgO, 0-20-mol % of BaO, B-2 03 [ 0-6-mol % of 
aluminum 203, and 0-45-mol % ], and 0-5-mol % of Zr02, 18-35-mol % of Si02, and 5-70-mol % 
of Bi 203, 0-25-mol % of ZnO, 0.2-40-mol % of CuO, 0.1-40-mol % of CoO, and 0.5-40-mol % of 
Fe 203 And thick-film-paste constituent characterized by containing 0.5-40-mol % of MnO, and the 
glass constituent concerned not containing lead and cadmium. 

[Claim 5] claim 1 — setting ~ said conductive ingredient — Bi2 Ru 207 it is ~ thick-film-paste 

constituent characterized by things. 

[Claim 6] The thick-film-paste constituent with which said conductive ingredient is characterized by 
there being BiGdRu2 07 in claim 1 . 

[Claim 7] claim 1 — setting - said conductive ingredient ~ Bil.5 CuO.5 Ru 206.1 it is — thick-film- 
paste constituent characterized by things. 

[Claim 8] claim 1 — setting — said conductive ingredient — Ru02 it is — thick-film-paste constituent 
characterized by things. 

[Claim 9] claim 1 — setting — said conductive ingredient — Co2 Ru04 it is — thick-film-paste 
constituent characterized by things. 

[Claim 10] It is the resistor characterized by having the thick film of the constituent of claim 1 on a 
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ceramic substrate, and calcinating said thick film, and for said organic medium volatilizing, and 
having become the liquid phase of said sintered glass. 

[Claim 1 1] (a) the process which forms the thick layer by which the dispersing element of claim 1 
was pattemized, and (b) — the process which dries said thick layer, and (c) — the manufacture 
approach of the resistor characterized by including the process calcinated so that said organic 
medium may volatilize, said glass may sinter said dried layer and it may become the liquid phase. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fwww4.ipdl... 1/9/2006 



JP,08-253342,A [DETAILED DESCRIPTION] 



Page 1 ofl3 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] the glass frits in which especially this invention does not contain cadmiimi 
and lead as a binder about a thick-film-paste constituent ~ using — a conductor ~ it is related with 
the thick- film-paste constituent which uses a ruthenium system compound for a phase. The 
constituent of this invention is used in order to manufacture a thick film resistor and a thermistor. 
[0002] In addition, when description of this description refers to the number of the United States 
patent application concemed based on the basic slack United States patent application 08th of the 
priority of this application / publication of the description of No. 359,768 (December 20, 1994 
application), the written content of the description of the United States patent application concemed 
shall constitute some of these descriptions. 
[0003] 

[Description of the Prior Art] A thick- film ingredient is the mixture which mixed a metal, glass, 
and/or ceramic powder in the organic vehicle. These ingredients are applied on a non-conductive 
substrate, and form conductivity, resistance, or the insulating film. A thick-film ingredient is widely 
used for an electro nick and light electrical appliance components. 

[0004] It depends for the property of each constituent on the specific component which constitutes 
the constituent concemed. All constituents contain three major components. An electric conduction 
phase determines an electrical property and affects the mechanical property of the final film, a 
conductor — a constituent — a conductor — generally a phase is the mixture of noble metals or noble 
metals. Generally in a resistance constituent, a conductive phase is a metallic oxide. Generally in a 
dielectric constituent, a functional phase is glass or a ceramic. 

[0005] The binder of a constituent is usually glass, a crystal oxide, or both mixture. A binder fixes 
the film of each other and pastes it up on a substrate. A binder affects the mechanical property of the 
final film again. 

[0006] The vehicle of a constituent is the organic solvent solution of polymers. A vehicle determines 
the application property of a constituent. 

[0007] Generally in the constituent, the functional phase and the binder are distributed in the vehicle 
that it is powdered and thoroughly. 

[0008] A thick-film ingredient is applied on a substrate. Although a substrate serves as a base 
material of the final film, it may have electric functions, such as a capacitor dielectric. Generally a 
substrate ingredient is non-conductive. 

[0009] A common substrate ingredient is a ceramic most. A high grade (generally 96%) aluminum 

oxide is used most widely. For a special application, titanate ceramics, a mica, various beryllium 

oxide, and other various substrates are used. Generally these are used for electric [ specific ] and the 

specific mechanical property which are demanded for the application. 

[0010] Like a display, glass is used for the application which must be transparent. 

[001 1] A thick-film technique is clarified by the process to the same extent as an ingredient and an 

application. The processes of a fundamental thick-film process are screen-stencil, desiccation, and 

baking. Generally a thick-film constituent is applied by screen-stencil on a substrate. Dipping, 

banding, bmshing, or spraying is occasionally used to an irregular substrate. (Thick-film TF) 

resistors and thermistor pastes are used for the ceramic circuit board. Thermistor **** are the 
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temperature coefficient of resistance large heat induction resistors, and there are two kinds of these. 
The first class shows a forward change of resistance with a temperature rise (PTC), and the second 
class shows a negative change of resistance with a temperature rise (NTC). NTC thermistors usually 
consist of a sintered semiconductor material, and it is used in order to create the component which 
shows the resistance of 10-1,000,000 ohms at a room temperature. The operating range of such 
thermistors spreads in 75-1275K. Therefore, these offer the wide range activity as a temperature 
sensor. 

[0012] However, as for thermistors, the application as the capacitor inductor of an electronic time 
delay and low frequency oscillator, surge suppressor, an electrical potential difference or a current 
limiting gas pressure sensor, a thermally conductive detector, a liquid or a gas flow sensor and a 
solid-state, or a liquid level indicator etc. is used broadly. Various constituents are indicated by the 
reference about processing in an air (oxidizing quality) ambient atmosphere. Most of these 
constituents are based on the lead cadmium NIUMU glass it is incomparable to the ruthenium 
compounds as a conductive phase, and a binder, and it needs an air (oxidizing quality) ambient 
atmosphere. 

[0013] LaB6 And conductive phases, such as doped tin oxide, are indicated as what is processed by 
inactive and the reducing atmosphere. These constituents contain the glass which does not contain 
lead and cadmium NTUMU. However, since a conductive phase oxidizes in air, these constituents 
cannot be processed in air. Oxidation in air makes these conductive phases imsuitable at the 
application of an insulator (LaB6) and a resistor for an essential change of an electrical property 
(doped Sn02). 

[0014] The pastes of the conventional resistance are; usual, and >=10ohms /, **s/mil in the 
inclination to have a forward high temperature coefficient of resistance (TCR) in low resistance. 
TCR usually adds a TCR driver to them to a low thing with these resistance pastes, however, 
magnesium oxide and Nb 205 And Ti02 etc. — if a TCR driver is added to the small thing of TCR, 
resistance will also increase. In order to compensate the increment in resistance, a conductive phase 
is usually added more. As a result of optimizing TCR and resistance, a conductive phase serves as a 
high volume part, and the glassiness phase of conventional low resistive paste decreases. This 
processing influences the stability of low resistive paste, and is inferior to the resistive paste of 
lOOohm/** of the range - lOOkohm/** in stability whenever [ middle ]. 
[0015] The TF thermistor constituent, especially NTC (negative temperature coefficient of 
resistance) type thing has larger TCR by low resistance. Furthermore, it is difficult to manufacture 
low resistance NTC pastes. Although the thick-film thermistor paste of the NTC type which TCR 
increases is indicated by it when R decreases in U.S. Pat. No. 5,122,302 of Jay HORUMADARI (J. 
Hormadaly), only the range of Ikohm/** - 1 M omega / ** is only indicated. 

[0016] Here, the nearest conventional technique that the applicant knows at the event of application 
is listed to a degree. U.S. Pat. No. 4,707,346 of Jay HORUMADARI (J. Hormadaly), To No. 
4,613,539 and No. 4,966,926 of Py DONOFUYU (P. Donohue) LaB6, and Sn2-xa2-y-z Nby Snz 
07-X-Z/2 (here) Conductive layers, such as a constituent of the tantalum and/or the tin oxide 
conductivity ingredient by which the niobium dope was carried out which uses the pyrochlore phase 
of x=0-0.55;y=0-2;z=0-0.5 as the base, are indicated. These ingredients are applicable to preparation 
of the thick-film resistance constituent of a wide range electro nick and light electrical appliance 
components. These ingredients are processed in inactive or a reducing atmosphere including the 
glass which does not contain cadmium NIUMU and lead. Since a conductive phase oxidizes, these 
cannot be processed in air. The oxidation in air makes these conductive phases unsuitable at an 
insulator (LaB6) and the application of resistance for an essential change of an electrical property 
(doped Sn02). 
[0017] 

[Problem(s) to be Solved by the Invention] However, that whose water resisting property which it is 
nonpoisonous, and the melting point is low by the frit system in which lead and cadmium are not 
contained, and gives expansion and the outstanding wettability is whenever [ middle ] is not known 
for the application in the constituent mentioned above in this industry. Therefore, the glass firit which 
does not contain the lead known noting that this invention is useful to the formula of a thick-film- 
paste constituent, and cadmium NIUMU in the efforts and conflict **** which reduce or remove 
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lead and cadmium NIUMU from the product of the extensive class containing a glass frit is dealt 
with. The constituent of this invention offers the thick film which is nonpoisonous to the resistance 
and the thermistor constituent which are used now, and does not contain cadmium NIUMU and lead 
in them. 

[0018] The object of this invention is offering the resistance pastes which do not contain following 
passage:, and Cd and Pd.; 

- Offer the approach of making TCR of a low resistance constituent low, without using the 
conventional TCR drivers.; 

- It is improving [ an existing technique ]; by making low offering-low resistance NTC thermistors; 
and - resistance, and eliminating the activity of TCR drivers. 

[0019] 

[Means for Solving the Problem] The 1 st mode of this invention which solves said technical problem 
is a suitable thick-film-paste constituent to form the pattern of resistance or a thermistor on a 
substrate. (~ a ~) — a ruthenium ~ a system — conductivity — an ingredient — five - 65 — % of the 
weight -; - (- b ~) - five - 70 - a mol - % - BiO - three - 18-35-mol % of Si02, 0.1-40-mol % 
of CuO, 5-25-mol % of ZnO, 0.5-40-mol % of CoO, and 0.5-40-mol % of Fe 203, And a 95 - 35 % 
of the weight [ of glass constituents which do not contain lead and cadmium ] base solid is contained 
including 0.5 - 40% of the weight of MnO, and it is in the thick-film-paste constituent characterized 
by distributing all of (a) and (b) in an organic medium. 

[0020] Here, said ruthenium system conductivity ingredient is chosen from the group which consists 

of Ru02, compounds corresponding to the following general formula, and such mixture. 

[0021] 

(McBi2-c) 07-e — here, M (M'd Ru2-d) The thing of the group who consists of an yttrium, an 
indium, and rare earth metals of the atomic numbers 57-71 which contains a kind at least, and M* c 
platinum, titanium, chromium, a rhodium, and whose antimony are kinds at least The number of the 
range of 0-2 and d are 0 - about 0.5 number, and when M* is a rhodium, are contingent [ on d being 
the number of larger range than 1, when 0-1, or M is platinimi and titanium ], and e is the number of 
the range of 0-1. 

[0022] moreover, the thick-film-paste constituent of this invention — for example, — further ~ the 
following ~ the 2nd glass constituent containing (1) and (2) ~ containing — (1) 65 - 85-mol glass 
forming oxide [ % of]; - this B-2 03 25-55-mol % and SiO 40-10-mol % and aluminum 203, Bi 
203 and Zr02 and other glass forming oxides chosen from such mixture — 30-0-mol % — (2) 35 - 
15 -mol % glass denaturation oxide; to contain ~ this With what does not exceed 10% of MgO with a 
3-35-mol % alkaline-earth-metal oxide, and a 0-28-mol % permutation oxide What is chosen from 
CuO, Cu2 O, ZnO(s), and such mixture, ** — since ~ it becomes essential — among these — any — 
although — ten-mol % is not exceeded, these sum totals do not exceed 80% of the total amount of 
said glass denaturation oxide, and said 2nd glass constituent does not contain lead and cadmium 
[0023] Said glass Moreover, for example, 0.5-2-mol % of MgO, 0-20-mol % of BaO, B-2 03 [ 0-6- 
mol % of aluminum 203, and 0-45 mol % ], and 0-5-mol % of Zr02, 18-35-mol % of Si02, and 5- 
70-mol % of Bi 203, 0-25-mol % of ZnO, 0.2-40-mol % of CuO, 0.1-40-mol % of CoO, and 0.5-40- 
mol % of Fe 203 And 0.5-40-mol % of MnO is contained, and the glass presentation concerned does 
not contain lead and cadmium. 

[0024] moreover, said conductive ingredient ~ for example, Bi2 Ru 207 it is . 

[0025] moreover, said conductive ingredient — for example, BiGdRu 207 it is . 

[0026] moreover, said conductive ingredient — for example, Bil.5 CuO. 5 Ru 206.1 it is . 

[0027] moreover, said conductive ingredient — for example, Ru02 it is . 

[0028] moreover, said conductive ingredient — for example, Co2 Ru04 it is . 

[0029] Other modes of this invention have the thick film of the constituent of the 1st mode on a 

ceramic substrate, and it is in the resistor characterized by being calcinated, for said organic medium 

volatilizing and said thick film serving as the liquid phase of said sintered glass. 

[0030] The mode of further others of this invention is in the manufacture approach of the resistor 

characterized by including the process calcinated so that said organic medium may volatilize, said 

glass may sinter the process which forms the thick layer by which the dispersing element of (a) claim 

1 was pattemized, and the layer by which the process which dries said thick layer, and the (b) (c) 
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aforementioned desiccation were carried out and it may become the liquid phase. 
[0031] 

[Embodiment of the Invention] 

A. Since the inorganic binder frit is required for association of the sintered activity phase (metal, 
resistor, and dielectric) fine particles, all the wetting properties over metal powder and a substrate are 
important properties as well as the viscosity of the frit imder softening temperature and baking. The 
particle size of a frit is not restricted in criticality and, typically, a useful frit has suitably about 0.5- 
4.5 microns of mean particle diameter of about 1-3 microns in this invention, the amount of a binder 
— typical — about 1- of a conductive constituent (except for an organic medium) — it is about 10-70 
% of the weight still more preferably about five to 85% of the weight preferably 95% of the weight. 
Generally the wetting with the liquid on the front face of a solid-state is determined by the contact 
angle formed between a liquid-solid-state interface and the tangent on the front face of a liquid in a 
contact. The glass which the wettability shown is good and needs it to soak the predetermined 
surface area of a solid thoroughly decreases, so that a contact angle is small. A suitable buming 
temperature is 600 degrees C - 1000 degrees C. 

[0032] A frit is the important component of a constituent and helps to make distortion between a 
thick film conductor and a substrate into min. This minimization is dependent on that thermal 
expansion nature, each elastic modulus, and relative thickness. 

[0033] The conventional glass of a resistor and a thermistor constituent came as the base in cadmium 
NIUMU and lead frits. In order to cope with the present toxicity and an environmental problem, 
eliminating lead and cadmium from a constituent has softening temperature and a low fluidity, and, 
moreover, the range of the selection which finds out the suitable glass of having wettability, thermal 
expansion, and a required property is restricted. This invention is component:Bi 203, Si02, and 
CuO, Zn, Co and Fe 203. And the projecting engine performance which does not expect MnO in the 
textile-glass-yam train used as the base is dealt with. 

[0034] The above-mentioned glass may be blended with the 2nd glass in presentation. The glass used 
as the 2nd glass by this invention is borosilicate glass containing 65-85-mol % of glass forming 
oxides and, and 35-15-mol % glass denaturation oxides. 

[0035] B-2 03 by which the 1st glass forming oxide is used by 22 - 55% of concentration into glass 
Si02 used by 40 - 10% of concentration into glass it is . Glass is at least 25% of B-2 03, in order to 
secure that the viscosity of glass under baking does not become high too much. It must contain. 
However, B-2 03 When a content exceeds about 55%, there is an inclination for the endurance of 
glass to fall to the level which is not accepted. 

[0036] glass — again — conditional [ to 30% of concentration ] ~ the glass forming oxide may be 
included, such conditional — as a glass forming oxide, aluminum 203, Bi 203, ZrO(s)2, and such 
mixture can be mentioned, conditional [ these ] — although a glass forming oxide is taken into 
consideration for the applications of this invention intrinsically [ no ], as for glass, it is desirable too 
that such 2nd glass forming oxide is included 15% preferably about 10% at least. Especially, it is Bi 
203. Since the viscosity of glass is made low and the firing range of glass is increased, it is 
desirable. On the other hand, it is aluminvmi 203. It is desirable although it not only increases the 
glass formation range, but the endurance is improved. 

[0037] The main glass modifiers used into the 2nd [ of the arbitration of this invention ] glass are 
alkaline-earth-metal oxides, and this can be used to 35% of all glass, an alkaline-earth-metal oxide — 
each — or it can use with mixture. However, when exposed to thick-film processing conditions, it is 
desirable to use MgO which does not exceed 10% so that glass may not become crystallizing, the 1st 
alkaline-earth-metal oxide glass denaturant to 80% — ZnO, Cux O (Cu2 O or CuO), or Zr02 etc. — 
the 2nd — or it can transpose to substitution glass denaturant. However, the glass binder should 
contain only the amount which does not exceed 15% for any of these substitution glass formers they 
are so that the viscosity of glass in buming temperature may not change too much highly. 
[0038] This invention is not limited to the explanation mentioned above. Furthermore, even the glass 
which does not contain the single cadmium and the lead which have the range obtained by blending 
the glass beyond two sorts or it of the examples 1-10 of a table 1 with the example 1 1 of a table may 
extend, and the presentation range where this invention was indicated may be obtained. Furthermore, 
the presentation range of this invention may be obtained [ mix / manufacturing a kind of glass or / 
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mixing two sorts or the suitable glass beyond it, or / with a suitable crystal phase / glass ] again. 
[0039] B. Electric functional material this invention relates to the resistance constituent whose main 
conductive phases are ruthenium oxide systems. In the actual condition of the industry of a 
mthenium oxide system resistor, this is Ru02. It is known with the thing containing the mthenium 
compound corresponding to the following general formula. 
[0040] 

(McBi2-c) 07-e — here, M (M'd Ru2-d) The thing of the group who consists of an yttrium, an 
indium, and rare earth metals of the atomic numbers 57-71 which contains a kind at least, and M' c 
platinum, titanium, chromium, a rhodixun, and whose antimony are kinds at least The number of the 
range of 0-2 and d are 0 - about 0.5 number, when M* is a rhodium, d is 0-1, or when M is platinum 
and titanium, are contingent [ on d being the number of larger range than 1 ], and e is the number of 
the range of 0-1. 

[0041] These compounds and the manufacture approach of those are indicated by U.S. Pat. No. 
3,583,931 of bow CHADO (Bouchard), and the German patent application OS No. 1,816,105, and 
these are taken in as reference here. 

[0042] The particle size of the ruthenium content ingredient mentioned above is not restricted in 
criticality from the standpoint of the technical effectiveness of this invention. However, of course, 
although it is usually screen-stencil, it should consider as the particle size suitable for the approach 
and baking conditions for which they are applied. Therefore, a metallic material particle should not 
be made larger than 10 micrometers, and should be made it is desirable and smaller than about 5 
micrometers. Actually, the particle size of the metal which can come to hand is low to about 0.1 
micrometers. Mean particle diameter is desirable to at least 5m2 / g, and a pan, and a ruthenium 
component has the desirable thing of at least 8m2 / g. 

[0043] As a suitable ruthenium compound, it is Bi2 Ru 207. And Ru02 It can mention, the suitable 
thing especially for the application of this invention ~ Ru02 etc. — it is the pyrochlore Mr. poly 
NARI (polynary) oxide of Ru, such as ruthenium system oxide, a bismuth, and a ruthenium acid 
bismuth gadolinium. 

[0044] A cobalt ruthenium ingredient is usually used by 15% of the weight or more of concentration 
to a compound solid. 30 - 50 % of the weight is desirable especially 30 to 60% of the weight. 
[0045] Since an ingredient becomes more effective in the function, as for a cobalt mthenium, it is 
desirable to have high surface area. The surface area of 2/gm is desirable at least 0.5m, Typically, it 
is Co2 Ru04 used for this invention. It has the surface area of 2/gm about 0.8m. 
[0046] It can manufacture very easily and a cobalt ruthenium is (1) CO 304. And Ru02 Aquosity 
DISUPASHON (dispersing element) is formed, (2) DISUPASHON is dried, and a cobalt ruthenium 
is generated by subsequently calcinating at least DISUPASHON which carried out (3) desiccation in 
air at the temperature of about 850 degrees C. 

[0047] Usually, Co 304 of a stoichiometry-amount And Ru02 Using is desirable. However, 
somewhat superfluous Ru02 It is not harmful to the effectiveness of a cobalt ruthenium ingredient at 
all. When it reacts with an alumina container, it should be cautious of little Co A12 04 1 being 
formed. However, this is easily avoidable by using the container of platinum or the inactive 
ingredient of**. 

[0048] In the case of the ruthenate component of this invention, although the particle size of 
mthenium acid cobalt is not restricted in criticality, it should be made a suitable particle size for the 
approach by which a constituent is applied. 

[0049] Furthermore, it is Ru02 by baking. Ru02 which is the ruthenium compound to generate A 
precursor is also used suitable for this invention and any mixture of these ingredients can use it. 
suitable non-pyrochlore Ru02 the example of a type of a precursor — a ruthenium metal, mthenium 
resinate, BaRu03, Ba2 Ru04, CaRu03, Co2 Ru04, LaRu03, and Li2 Ru03 it is . 
[0050] As for a constituent, it is desirable that a mthenium system component may also be included 
five to 75% of the weight, and is included ten to 60% of the weight. 

[0051] C. Mechanical mixing (for example, roll mill) is intrinsically mixed with an inactive liquid 
medium (vehicle), and an organic medium inorganic particle forms the paste Mr. constituent which 
has the suitable consistency and suitable rheology for screen-stencil. This paste Mr. constituent is 
printed as a "thick film" on the conventional dielectric substrate by the conventional approach. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1/9/2006 



JP,08-253342,A [DETAILED DESCRIPTION] 



Page 6 of 13 



[0052] Each inactive liquid may be used as a vehicle. Various organic liquids are independent or 
may be used [ additives / other / a thick-film-ized agent, a stabilizing agent, and/or / usual ] with a 
vehicle, the example of a type of the organic liquid which can be used ~ fatty alcohol; — it is the 
solution of solvents, such as solution [ of resin, such as polymethacrylates of terpenes /, such as 
ester; pineapple oil of such alcohols, for example, acetic ester, and propionic-acid ester, terpineol, 
and its prototype, /;, and lower alcohol, ]; and pineapple oil of ethyl cellulose, and the ethylene 
glycol MONOASETETO monobutyl ether. A suitable vehicle uses ethyl cellulose and beta-terpineol 
as the base. The vehicle may contain volatile fluid, in order to promote the quick coagulation after 
being applied to the substrate. 

[0053] In DISUPASHON, the ratio of a vehicle to a solid-state object can change considerably, and 
is dependent on the class of the approach by which DISUPASHON is applied, and vehicle used. 
Usually, in order to attain good coverage (applicability), DISUPASHON contains 60 - 90% of solid- 
state object, and 40 - 10% of vehicle complementary. The constituent of this invention may deform 
by, of course adding other ingredients which do not affect the useful property. Such a formula is well 
known to this contractor. 

[0054] A paste is conveniently prepared by the three-step roll mill. Typically, the viscosity of a paste 
is the Brookfield (Brookfield) HBT viscometer, and into low, when it measures with a high shear 
rate, it goes into the range given in the following table 1 . 
[0055] 

[A table 1] 



-^A^mmm (sec-') (Pa^s) 

0.2 10 0~5 0 0 0 

3 0 0--2 0 0 0 iifm) 
6 0 0—1 50 0 
4 40—400 

1 0 0—2 5 0 mm) 

1 4 0 — 2 0 0 (gfeSJiS) 
3 8 4 7— 4 0 

10- 2 5 mm) 
12- 18 (gfcjffiai) 

[0056] The amount of the vehicle used is determined by the viscosity of a formula of a final request. 
[0057] (Test procedure) The temperature coefficient of resistance (TCR) in an elevated temperature 
and low temperature is : [0058] calculated as follows. 
[Equation 1] 

Elevated-temperature TCR= [(R125 **-R25 degree C) /R25 degree C] x (10,000) ppm/** low- 
temperature TCR=[(R-55 **-R25 degree C) /R25 degree-C] x(-12,500) ppm/**R25 degree C, The 
value of an elevated temperature and low temperature TCR is the average, and the R25 degree C 
value was standardized by the desiccation printing thickness of 25 microns, and resistivity is 25- 
micron desiccation printing thickness, and was expressed with the ohmage of per an unit area 
(square). The standardization of two or more trial values was calculated with the following relational 
expression. 
[0059] 
[Equation 2] 

Standardization resistivity =[(average of measurement resistance) x (average of desiccation printing 

thickness (micron))] / 25-micron coefficient of dispersion (valve flow coefficient) is fimctions of the 

average of the examined resistance, and each resistivity, and is expressed as relational expression of 

Rav. 

[0060] 

[Equation 3] 
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S (Ri -Rav) 

I 

n- 1 

C V= (a/R) X 1 0 0 (%) 

[0061] (Resistivity measurement and count) A trial substrate is laid on the terminal post in the 
chamber by which temperature was controlled, and it connects with a digital ohmmeter (ohm-meter) 
electrically. The temperature in a chamber is adjusted at 25 degrees C, is equilibrated with them, and 
measures and records the resistivity of each substrate after that. 

[0062] Next, it goes up at 125 degrees C, temperature of a chamber is made into equilibrixmi, and the 
resistivity of each substrate is measured and recorded again after that. 

[0063] Next, the temperature of a chamber is cooled at -55 degrees C, it is made equilibrium, and 
low-temperature resistivity is measured and recorded, 

[0064] (Glass preparation) Preparation of a glass fiit forms a frit by being known well, for example, 
pouring out into water the constituent which ftised the glass component of each other and ftised it in 
the form of the oxide of a component. Of course, it is good as any compounds which obtain a desired 
oxide on the usual conditions of frit manufacture of the ingredient of a batch. For example, boron 
oxide is obtained from a boric acid,; diacid-ized silicon is manufactured from Flint, and; barium 
oxide is manufactured from a barium carbonate, and is; etc. Since particle size of a fi*it is made small 
and preferably obtains the frit of a uniform particle size substantially, glass is ground by the ball mill 
which used water. Glass is the conventional glass manufacturing technology and is prepared by 
mixing at a rate of a request of a desired component, heating mixture, and considering as melt. 
Heating is peak temperature and performs only time amount which melt serves as a liquid on the 
whole, and becomes uniform as known for this industry. In the actual condition, by shaking and 
moving in the polyethylene ranger who has a plastic bowl, preliminary mixing is carried out and 
melting of the component is carried out in the crucible made from platinum of predetermined 
temperature after that. Melt is heated at the peak temperature of 1 100 degrees C - 1400 degrees C for 
1 to 1.5 hours. Then, melt is poured out into chilled water. The maximum temperature of the water 
between quenching is low suppressed, as long as it can do by raising the ratio of water to melt. The 
remaining water which dries in air the rough frit separated from water and which is a methanol is 
especially removed immediately by things in a twist or water. The ball mill of the rough fiit is 
carried out in the alumina container which used alumina balls for 3 to 15 hours. An alumina is made 
not to exist from an ingredient in ejection and an observation limitation which will be measured by 
the X diffraction even if it is. After taking out the ground fiit slurry from a mill, a superfluous 
solvent is removed by the decantation and fiit powder is air-dried at a room temperature. 
Subsequently the dried powder removes a large particle through the screen of 325 meshes. 
[0065] The two properties with a main frit are amorphous (amorphous) or forming a crystal 
ingredient assisting the Hquid phase which has sintered the inorganic crystal particle ingredient, and 
by devitrifying in heating / cooling cycle (baking cycle) in manufacture of a thick-film constituent. 
In this devitrification process, it can obtain any of polycrystal which have a different presentation the 
single crystal phase which has the same presentation as an amorphous (glassiness) ingredient 
precursor, or a glass ingredient precursor is. 

[0066] (Constituent preparation) In preparation of the constituent of this invention, the particle of an 
inorganic solid-state object is mixed on an organic carrier, suitable equipment like a three-step ball 
mill distributes, and suspension is formed, consequently viscosity obtains the constituent of about 
100-150 pascal and a second with the shear rate of 4sec-l. 

[0067] In the following examples, mixing was carried out as follows. The organic medium used in 
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the example consists of diethylene-glycol dibutyl ether, terpineol, ethyl cellulose, and mixture of a 
soybean lecithin. The component of a paste measures in a container what lengthened 5% of the 
organic component (it is equivalent to about 5% of weight) together. Subsequently, it is mixed with 
sufficient vigor and a component is considered as the blend of homogeneity. Then, through and good 
distribution of a particle are attained for a blend to distributed equipments, such as a three-step mill. 
In order to see the distributed condition of the particle under paste, the Hegemann (Hegman) gage is 
used. This instrument has the channel (slot) which an end inclines in a depth of 25 micrometers 
(Imil) with the block of steel, and inclines by Mr. Fukashi of 0 by the other end. A blade is used so 
that a paste may be applied along the die-length direction. When the diameter of floe is larger than 
the depth of a channel, a scratch occurs in a channel. Typically, the dispersing element to satisfy 
gives the fourth 10- 18 -micrometer scratch point. Typically, the point with which the one half of a 
channel is not covered by the good distributed paste is for 3-8 micrometers. > "half-channel" 
measurement shows that the fourth scratch measurement is 20 micrometers and >10micrometer is 
suspension with bad distribution. 

[0068] Next, the 5 remaining% which consists of organic components of a paste is added, and it 
adjusts so that the viscosity after preparing all resin contents may go into the range of 140 - 200 Pa-s 
with the shear rate of 4sec-l. Next, on substrates, such as an alumina ceramic, by approaches, such 
as screen-stencil, wet thickness usually applies 35-70 microns of about 30-80 microns of constituents 
preferably so that it may become 40-50 microns. Although the constituent of this invention can be 
printed on a substrate with either the conventional automatic printing machine or a manual printing 
machine, it is good preferably to use the automatic screen stencil technique using a 200-325-mesh 
screen. Subsequently, from 200 degrees C, at low temperature, it is about 150 degrees C preferably, 
and a printing pattern is dried in 5 - 1 5 minutes, and before baking. Baking for sintering both 
inorganic binder and pulverized particle metal is suitably carried out at the band-conveyor fumace 
which has predetermined temperature distribution and which was ventilated good. Here, in 
predetermined temperature distribution, there is a cooling-down cycle which the organic material 
was burned to nothing and carried out at about 300-600 degrees C, then the about 700-1000-degree 
C maximum- temperature section continued for about 5-15 minutes, and was controlled after that. 
The last cooling-down cycle is for preventing substrate crushing which may take place by fault 
baking, the chemical reaction in an intermediate temperature which is not demanded, or too quick 
cooHng-down. As for the whole baking processing, it is desirable to be carried out for about 1 hour 
for about 20 until it reaches burning temperature - 25 minutes including about 20 for [ in burning 
temperature ] about 10 minutes and in cooling-down - 25 minutes. In a certain example, the total 
cycle time tums into 30 minutes and short time amount. 

[0069] (Examples 1-1 1) It prepared and ground by the approach which mentioned ten sorts of glass 
above, and an X diffraction (XRD) and differential thermal analysis (DTA) showed the property. 
300-550 degrees C had the glass transition temperature (Tg) and expansion measurement which are 
obtained from DTA, and the desirable thing had in the range of 350-500 degrees C. Ten sorts of 
glass concerning this invention was shown in a table 2. An example 1 1 is a product which is 
manufactured by I eye E. I. du Pont de Nemours dough NUMURU- of Wilmington (Wilmington) of 
Delaware (DE), and - company (E. Ldu Pontde Nemours and Company) and which can come to 
hand commercially. 

[0070] The presentation shovra by mol % was shown in a table 2 with the glass (example 11) which 
available Cd and available Pb do not contain commercially, all experiment glass — Si02 30.0-mol% 
— containing — other 70-mol % — the example 2 of a table 2 — like — Bi 203 from — becoming — or 
a transition-metals oxide and Bi 203 It is combination. Bi2 03-Si02 A system is a very powerfiil 
solvent to transition metals, and is Si02. When concentration is fixed to 30-mol%, these glass can 
dissolve a substantial quantity of a transition-metals oxide. 
[0071] 
[A table 2] 

Mol % examples No. of a glass presentation 1234567891011 BaO 

17.22 MgO - 2,00 ZnO 10.0 - - 20.0 6.70CuO 20.0 - 40.0 

0.50 CoOS.O 20.0 40.0 MnO 20.0 40.0 Fe 203 

20.0 40.0 ~ aluminum 203 ~ - 4.30 B-2 03 ~ ~ - ~ 
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1 9 


1 ^ 

10 


1 A 
14 


1 ^ 


1R 

ID 


30.0 


30.0 


30.0 


30.0 


30.0 




40.0 


10.0 


20.0 


30.0 


40.0 




30.0 


20.0 


10. 0 


2G5.3 


1318.2 


86S.4 


585. 7 


2441. I 


4.34 


9.00 


5.12 


8.17 


7.14 


-1128 


287.7 


-814.2 


-403.5 


-364.2 


-2199 


198.3 


-1483.0 


-747. 3 


-646.9 



42.35 Bi 203 35.0 70.0 30.0 50.0 50.0 30.0 50.0 30.0 50.0 30.0 5.00 Si02 30.0 30.0 30.0 30.0 30.0 

30.0 30.0 30.0 30.0 30.0 17.40 Zr02 - The following (examples 12-16) 

sample explains the applicability as new bismuthate glass for TF resistors. Furthermore, 
improvement in a property and breadth of the resistance range may be realized by addition of fillers 
and TCR drivers. 
[0072] 
[A table 3] 

»iS (fiS96) 

(BiiGd)Rue07 

W««*1D0 96^TC0^1 

R (fl/n/oil) 
CV (%) 
HTCR (ppm /"C) 
CTCR (ppm /"C) 

[0073] * Examples 14, 15, and 16 were prepared by carrying out the suitable amount blend of the 
examples 12 and 13. (Examples 12 and 13 were prepared by the roll mill.) 

The property of examples 12-16 is shown in a table 3, drawing 1 , and drawing 2 R> 2. a table 3 — 
the glass (70 m/o Bi2 O3;30 m/o Si02) of an example 2 — giving very negative TCR and completely 
low resistivity is shown. The blend with an example 1 1 increases resistivity and HTCR, and decrease 
in number a gap (HTCR-CTCR), When the constituent which has low TCR and a low gap has the 
ratio of (example 1 l)/(example 1 1+ example 2) in the range of 0.9-1.0, it is obtained, and drawing 2 
shows that the resistivity of the range of this ratio ( drawing 1 ) is 1.5kohm/**/mil. 
[0074] (Examples 17-21) 
[0075] 
[A table 4] 

Wm^o^ 17 18 19 20 21 

(BiiGd]Ru,OT 20.0 20.0 20.0 20.0 20.0 

HJfiWIll^'^X - 50.0 12.5 25.0 37.5 

W^\2^'^X 50.0 - 37.5 25.0 12.5 

«fiBRt*:100 «*-C®?ia ■ 

R (krQ/d/niil ) 0.744 30.809 11.785 15.485 too high > 80 MQ 

CV («) 4.05 27.4 10.6 25.0 

trrCR (ppni /IC) -1025 414.8 -945.8 -559.7 

CTCR (ppm /t:) -1944 299.2 -1728.0 -1017.0 

[0076] * Examples 19, 20, and 21 were prepared when the suitable amount of examples 17 and 18 
blended. (Examples 17 and 18 were prepared by the roll mill.) 

(Bil Gd) Ru 207 20% of the weight of the examples 17-21 are shown in a table 4, drawing 3 , and 
drawing 4 . 

[0077] Again, remarkable they are the increments in TCR and R brought about by addition of low 
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[ which was brought about with bismuthate glass / TCR ], and example 1 1 glass. Here, the gap 
(HTCR-CTCR) decreased by addition of example 1 1 glass again. Low [ TCR ], a low gap, and 
higher resistance ( drawing 3 and drawing 4 R> 4) seem to be the times of the ratio of (example 11)/ 
(example 11+ example 2 glass) being in the range of 0.9-1.0. 

[0078] (Examples 22-26) bismuthate with the same electrical property — Ru02 etc. — being attained 

by using other conductors is shown in a table 5, drawing 5 , and drawing 6 . 

[0079] 



[A table 5] 






mm (um%) 






22 


23 


24 


25 


26 


RuOz 


20. 0 


20. 0 


20.0 


20.0 


20, 0 






50.0 


12.5 


25.0 


37.5 




50.0 




37.5 


25.0 


12.5 
























R (Q/n/mil) 


32.46 


41. &4 


25.71 


3K679 


35.10 


CV (%) 


6-47 


7.52 


4. 36 


3.04 


3, 78 


HTCR (ppm /t:) 


-644.9 


647.9 


370.2 


719.9 


654.4 


CTCR (ppm /V) 


-1022.0 


656.5 


263.6 


718.5 


652.2 



[0080] * Examples 24, 25, and 26 were prepared when the suitable amount of examples 22 and 23 
blended. (Examples 22 and 23 were prepared by the roll mill.) 

A table 5, drawing 5 , and drawing 6 indicate it that it is very low [ TCR ] simultaneously to be low 
resistivity with Ru02 / bismuthate glass (22). These are unique properties, and if TCR increases, 
resistance will usually decrease. ; useful although this unique property is used for an existing product 
~ if these new bismuthate glass is added to an existing low resistance constituent, it will be predicted 
that it becomes low [ TCR ], resistivity is decreased and existence of the TCR drivers (Nb 205 and 
MnOx) which probably strengthen stabihty can be eliminated. As for low [ of this system / TCR ], 
and the constituent of a gap, the ratio of (example 1 l)/(example 11+ example 2 glass) is located in 
the range of 1.6-2.4 ( drawin g 6 ). ; with the increment useful at the time of high resistance (R) in 
HTCR in the glass of an example 1 1 — TCR decreases with R, and the increment in HTCR falls TCR 
more and usually permits addition of the TCR drivers which improve the handling nature and the 
noise (it is usually Ru02 problem of system resistance) at the time. [ high / R ] 
[0081] (Examples 27-31) A table 6, drawing 7 , and drawing 8 are the glass of the example 3 which 
are other conductive Bi2 Ru 207 and (ruthenixim acid bismuth) copper content bismuthate glass, and 
30Bi2 03 40CuOx 30SiO2. The activity is shown. 
[0082] 
[A table 6] 
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im (mm%) 






21 


ZS 


29 


30 


31 




30.0 


30.0 


30. 0 


30.0 


30.0 






40.0 


LO.0 


20.0 


n 

oU. 0 




4G.0 




30.0 


20.0 


IQ.O 














R (Q/n/iBii) 


226.1 


12165.0 


1991.9 


1080.1 


1184.0 


CV (96) 


9. 32 


14.0 


12.7 


8. 49 


6.15 


HTCR (ppm /TC) 


-239.9 


-371.7 


-274.4 


-97.7 


-137. 1 


CTCR (ppB /X.) 


"520.9 


-760. 1 


-498. 7 


-272.9 


-350.6 



[0083] * Examples 29, 30, and 31 were prepared when the suitable amount of examples 27 and 28 
blended. (Examples 27 and 28 were prepared by the roll mill.) 

It is the ruthenium acid bismuth which has Bi2 Ru2 07 h used in the examples 27-3 1, and quite low 
surface area. However, it still shows the property of the system which does not contain Cd and Pb. A 
table 6, drawing 7 , and drawing 8 show that it still brings about low [ TCR ], although bismuthate 
glass (example 3) contains high-concentration CuO. However, the same glass (example 3) which has 
a high surface area ruthenium acid bismuth shows different behavior. 

[0084] (Examples 32-34) The following three examples (32-34) show the trial of an on-site formula 

of CoRu04 (thermistor ingredient). Here, two sorts of Co content bismuthate glass manufactures the 

low resistance NTC thermistor which has challenged in this industry. Typically, if resistance 

decreases, TCR of an NTC thermistor will increase, and this is useful in order to obtain the NTC 

thermistor of the low resistance which has negative TCR thoroughly. 

[0085] CoRu04 The presentation of a trial of an on-site formula is shown in a table 7. 

[0086] 

[A table 7] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1/9/2006 



JP,08-253342,A [DETAILED DESCRIPTION] 



Page 12 of 13 



nam (mm%) 

HfififflJNo. 32 33 34 

RuOa 20.0 20.0 20. Q 

mWimSitf'^X 50.0 
llifitefi?116#^X - 50. G 

mmm2if^:x. so.o 



m 1 mmm 

R (Q/n/rail) 11.118 -12.984 32.46 

CV i%) 10.6 7.40 6.47 

HTCR (ppni /X:) -599.0 -392. 3 -844.9 

CTCR (ppni /"C) -1019.0 -678.1 -1022,0 

R (Q/D/rail) 25.569 26.924 42.417 

CV (96) 11.8 9.26 7.81 

HTCR (ppn /X:) -832. 8 -530. 4 -607, 6 

CTCR (ppm /t:) -1333.0 -877.0 -1137.0 

R (Q/n/mll) 40.508 49.757 54.617 

CV (%) 10,2 11.5 11.6 

HTCR (ppra /*C) -962.4 -706. 5 -650.0 

CTCR (ppm /X:) -1469.0 -1091.0 -1265.0 

R (Q/D/mll) 51,757 90.803 63.352 

CV (96) 8.71 16.0 12.5 

HTCR (ppm /r) -1008.0 -918.3 -670.0 

CTCR (ppn /r) -1474.0 -1299.0 -1322 

[0087] The data of a table 7 are Co content glass / Ru02. It is shown that combination results in 
showing low resistivity and negative TCR thoroughly. By re-baking, TCR decreases and resistivity 
increases. 

[0088] Furthermore, examples 32 and 33 show the behavior which is not common as for TCR as an 
operation of the count of baking. These examples are compared with an example 34. (Although an 
example 34 contains Ru02 of the same concentration, it contains simple silicic-acid bismuth glass 
70Bi 203 and 30SiO2.) The electric comparison of examples 32, 33, and 34 is shown in a table 6 as 
an operation of the count of baking, and corresponding HTCR is shown in drawing 9 R> 9. Two 
sorts of Co content glass (examples 32 and 33) has low resistivity and negative TCR, and this is a 
peculiar thing only in the glass of this invention. HTCR of an example 34 is smaller than HTCR of 
the examples 32 and 33 after the 1st baking. Although HTCR decreases in monotone, on the other 
hand, in the example 34, examples 32 and 33 have the increment in HTCR after the 2nd baking, and 
a very small change is by HTCR after the 3rd time and the 4th baking, as the count of baking 
increases. 

[0089] It is sure of the unique behavior of cobalt content glass being effectively used to a low 
resistance NTC thermistor, without being caught by what kind of theory and explanation. Co2 Ru04 
It is guessed that an on-site formula is carried out in the examples 32 and 33. 
[0090] (Examples 35-47) The glass mixture of examples 4, 5, and 9 is used, and it is Ru (Bil Gd) 
207 about these. And Co2 Ru04 12 sorts of a series of thick-film constituents were prepared by 
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mixing and adding an organic medium to 95% of the weight of level. This data was shown in a table 
8. A table 8 shows R and TCR of the various constituents of this system. 

[0091] Ru02-Co2 Ru04-bismuthate glass. An example 35 is; simple system Ru02-example 5 glass 
(cobalt glass) which becomes as a reference point. 

[0092] These examples are low resistivity and show small negative TCR. Examples 36, 37, and 46 
show R and TCR in simple system Co2 Ru02-example 5 glass. Examples 36, 44, and 45 are Co2 
Ru04. The effectiveness of a glass presentation of the Co2 Ru04-Bi-textile glass yam to 
concentration immobilization is shown. 

[0093] Zinc glass (example 44) has TCR larger than each of the constituent containing Co and Fe 
glass, and examples 36 and 45. Examples 36, 44, and 45 show that it excels in the point that Co and 
Fe glass make TCR low. Examples 46 and 47 show very negative TCR in vohm range. Although 
repeated, these negative TCR(s) are the peculiar things only in Co2 Ru04-Co and Fe bismuthate 
glass of this invention. Examples 38-43 deal with the system of Ru02-Co2Ru04-glass 5. Here, it is 
Ru02. Co2 Ru04 Although resistance suits exactly when it uses by different ratio, TCR is still low 
and the the best for a low resistance NTC thermistor. 
[0094] 

















^(11 


;56) 












mmo. 


35 


36 


37 


38 


39 


40 


41 


42 


43 


44 


45 


46 


47 


RuO, 


20.0 






5.0 


10. Q 


15.0 


5.0 


10.0 


15,0 










CoiRu04 




40.0 


20.0 


30. 0 


20.0 


10.0 


15.0 


10.0 


5.0 


40.0 




50.0 


60.0 




50.0 


30.0 


50.0 


35.0 


40.0 


45.0 


50.0 


50.0 


50.0 






20.0 
























30.0 






























30.0 




20.0 
























































R (O/n/inii) 


1L12 


207.79 


10.665 


S6. L& 


58.17 


43.69 


127.55 


52.0 


34.87 


31.15 


339.29 


1986.0 


1246.6 


CV (%) 


10.6 


5.07 


20.5 


5.4& 


G.90 


4.46 


4.83 


3.55 


3.38 


7.74 


7.37 


7.54 


5..8S 


HTCR (ppB /^) 


-599 


-4618 


-1772 


-2373 


-2014 


-1408 


-1207 


-1121 


-1190 


-1175 


-4742 


-8137 


-7110 


CTCR (ppo /r) 


-1019 


-4273 


-2712 


-2180 


-2186 


-1302 


-1962 


-1867 


-1858 


-1495 


-4448 


-78, 440 • 


-19,850 



[0095] 

[Effect of the Invention] This invention is a thick-film-paste constituent which does not contain lead 
and cadmium, and is suitable to form the resistance on a substrate, or a thermistor pattern. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[00 3 7] *5|B^<DflES<Dm2(7):tf^X*^^fflt^&*t 

Z^Lfi:^:«'^XC0 3 5%S■r?fflL^i)C<!:;^)<-e^'5o 

7j\.ti'j±m^mmitwt. m^iz^tzit^s^^^xmi'^ 

Htzt^\zii^:^tmFBitLt<ib{ztJ:^^tJ:l^^^iz^ l 
0%^^x.^*:l^Mg0^fflt^'5)(7)7!)<^i?^Ll^o 8 0%^ 

x<Dm^(DTJi^il')±m±mmtmis^:^mmm'^. z 

nO. Cux O (Cu2 O^fcliCuO) l^tzltZ r O 
2 <i:<h'cDm20*/-cli<'tffl;b*^x^/dc^J(-m^jS:^^- 
^7b<Tr#^o L;t)^L?i7b<^>. :^'^X/\M >^*fi. mj&^Ei 
Jg(ztelt-S:ti'^X<Dai±;b<ffi<iS;yi!i^^ft^cJ:5(c. C 

[00 3 8] :$:^0^(i. ±izELt^lR0^lcIg:^^;Ki>t<D 

'e(i^^:l^o ^^{z. m^ommm^ ooy-m^tzit 

^*tJil±<7):tf^X^a(DllJ£^Jl 1 t Kt-i)C<!: 
fp' ^ L I ^ ^ X * -e JS If r . *^B-B(D^1:^it S 
fc. -fl^fcl*^m^±CDW3S3Ef:tf^X^;l'&-r-2>Ci: 

iccty. ^fcfi-fi<7):tf^x^iS3g-r^-(i:irct y. * 

/•-(*:tf^X^3l^^i:$SB^Bffl<t;S^-r^il<!:(::cJ:y. i#T 

[0 0 3 9] B. mnmrnn 

x\t. z4xl*. Ru02 t^iKD—^^lzjiifS^-lr^ji^^— 
OA^b^^a«^:^#t;tcD^^t)^^rt^4o 

[0 0 4 0] 

(M c B I 2-c ) (M' d R u2-d ) 07-e 
zc-r?. M(*. ^•vh'J'!7A. IS^S#5 
7 7 1 <D^±^B^)b^ ^ ^^Ji.-zrO'ptJi <t=b'- 

fi. O-20®H(DSt. d(*. 0-SttlO. 5<7)ia"e. 
M' A<P v^ACDii^lCli. d(*0-1-efcy. -^fzit 

isAt^zf^y^i-tSrizlS'^^i^om^izit. dliicfcy:^^ 

1 <omm(D&iX'S>i>o 

[0 04 1] :i^^(Dit'^^i^is<iziSt(Dm^^y5m\t. 7t-: 

K (Bouchard) (D?t^S*#i^lS 3 . 5 8 



(6) !ffBa^8-2 5 3 34 2 



3. 9 3^^ts^lS\^-(vm^lhmos^. 8 16. i 

[0 0 4 2] ±y$,Lfz)\y^=-Ol^'^^mWnWt. * 

(*. 1 o /im<^y:;^^<^-<#-e^i:<. »*L<(**^5 
/imcJ:y/J^$<-r^#t?&i)o H^l::!*. A^-e#S* 

[0 0 4 3] »®3&:;U-7"-OX.<b^!fe«b LTI*. B i 2 
Ru2 07 fcJ:Lf^Ru02 ^ ^If d # 
*^B^<Dffi3tlzWJitf(D(i. Ru02 ^f<!:C7);U^-»^A 

(p o I y n a r y) ^'(bt?DT?fc>g)o 

[00 4 4] zi/^;u h;U'T--'t7A«*'4ii. 

-6 0«g%. !f$fc. 3 0-5 oaa:%;5)<»^Ll^o 
[0 0 4 5] =j/N*;u h;u^-^Ai*. «*4A<^c7)ttt^[^ 

SLl^o l^^^i:< tti 0. 5m2 /gma5a®«A^»*L 
l>o ^m&^\z\t. *^0^(::^L^^>H^C 02 Ru04 
li. $^0. 8m2 / 

[0 0 4 6] =i/\Oi. h;u^^OA(i. I^S(cffimirM3t 
(1) CO3 04 *>cj:l/Ru02 a)7Ktt'r-fX/^ 
-va> (^^tiJ<*) ^JT^jSL. (2) ^^X/\^-i>3> 
^I^JgL. :i^LN-^?. (3) m.mLfz^^7./^—iyB>^ 
'PtSi< t=bm8 5 O^GCT^^gffi-e^^^t^'MiS-f 

[0 0 4 7] ffi^. lb^«iiS^^fM<Dc 03 04 fccfcl/ 
Ru02 ^fflt^'5c^);6<»* Lt^o L ;()^ L 75)^ . d^^LM 
fljTiR u02 h;U^-'t7A«*4(D3C*iSlC±<:^ 

C0AI204 I ;b<ff$iS^;K^^'&?b<fe>5 ;::<!: 

fc(D:^;Stttt*4(D#§l^ffl0^4Ctlz<fcy . g^lciglt 

[0 0 4 8] :*:^0J(7);U^^OA^^/S^^(Dli^lC(i. 

^ o 

[0 0 4 9] ^t^Cl. -Mi^ElCJ: U R u 02 ^^/S^^^U 
i^^OA^b-a^arfe^. Ru02 



fiEffl-e^^o wjS3tfi^/^'r P7R u 02 Buigi^aa) 

BaRuOs. Ba2 Ru04. CaRuOa. Co2 
R u 04 . L a R u 03 . fcj:!/ L i 2 R u O3 "Cfc 

-So 

[0 0 5 0] «afi£!felf*. .IU^-'^A^JS^^SS-V 5M 

[005 1] c. mmkw 

^7 y — > EPH S^*: =3 > ^ > cfe 1/ UtI" P 

mm^&mt. fie*o:^;^l3J:y^^£3fecD^«ttg«±lc 

[0 0 5 2] ^;S14^f;«<*(iW*ltiet^;U<h LTffil^ 

J: ^ - — tz^-:i—Jl^ ^ ^— X t L * T' 

ii-r S fc ( r ^ # L T L N r t J: I ^ o 

[0 0 5 3] T^^rx/^— v'a >lcfciNT@m^3(::*f"r>S 

fz. 6 0-^9 0%(7)@^*!^<!: 4 O-- 1 0%<Dt* t'i7;Ui: 

l::f$#^-^;^?:*:l^1t!l(;)«*4^j^*P-rSC<hlCc^ y^ff^^ 

[0 0 5 4] xhf*. Hgp— ;u^;nccl: y 

-i? ;U K (B r o o k f i e I d) HBTttSIt 

T*. (S. 4^. ;ScD1±^IS^>lS-C;li|^Lfcii^lcl*. 1$XT 

[0 0 5 5] 
[^1] 



(7) ^Bg2p8-2 5 3 3 4 2 



■SA/BlTiiS (s e c-') tSS(Pa-s) 



0.2 10 0~5 0 0 0 

3 O 0~2 0 0 D (S^ig) 
6 0 0—1 50 0 
4 4 0—4 0 0 

1 0 0 — 2 50 (Jf jS) 

1 4 0—2 0 0 miittfm 

3 8 4 7—4 0 

10- 2 5 mm) 

12- 18 (gfcjlfa) 

[GO 5 6] fflL^e>^^-?)t•t^;^CO»l*, »$l6*)^fPira «^ (TCR) l*;:fc(Dcl;5l-l+»$*lS : 

<Di!a:^<D*!5S(::J;y;*S$^-i>o [0 0 5 8] 

[0 0 5 7] (SSSS^IH) ^afcJ:lXiSSl?tDStn;SJS [IS 1 ] 

m',^TCR= [ (R125 °C-R25°C) /R25°C] x (10.000) p p m/'C 
1gSTCR= [ (R-55 °C-R25°C) /R25°C] x (-12,500 ) p p m/*^ 
R25°C. fflS*JcfcU:iS;aTCR(Dfitl*¥iS)fiST?fcy. R itlt. jROM^iC-eti-SLfco 

25'^ro<n* 2 5 5 □ :^cDS£}gEnBijJi$ \zmmit^*i. [00591 

= [ (I'ISJSJSfilOJViS) X (|£JgEn©JJ5* (;5D» 0¥1^) ] /25i!»D> 
(CV) I*, i4i^LfcJgtn;<D¥iSlfcJ;i;e^CD [0 0 6 0] 

2 (Ri -Rav) ' 



C V= (a/R) X 1 0 0 

[006 1] (jat/L^j|iisfcj;i;ff3f) 

[0 0 6 2] jJ^ic, -g^-vv/^ro^as^ i 2 5°cic±^L 

[0 0 6 3] ?R(C. ^■>r>f^<D}^m^-5 S'Clzy^mL 

[006 4] (ii'yT.mwi) V \- (Dmm.it ^ 

:7U hi!Jjt<7)JlS(D^fr-C'FJTM05^^b!|^^#-g)L>AN^i: 



(%) 

<b/<'J't7A(*MK/^'J ■t7A*^^>Mit$;)^ ; <t'T*fe^ = 
e*)|-;-Stt: i: 'Jf o r IS)- <!: -SB^PBlfflt^T 5 o m^X'lt. 

1 1 o o°c~ 1 4 o o°c(7) e— S'jgg^T' 1 ~ 1 . smrs 



(8) 4#BB¥8-25 3 342 



$n■5J:5<^ll^|5g^l^-C•?¥^L^i:t^J;5l-■r^o 

;a-csmiiig-ri)o K:Jt$4xfct»5Si*, ':>:L^r% 325 
[0 0 6 5] y>)y hcDi'SnorottSi*. mm^^eWi 
mmmfS.'^omm.i-isi^xiim ■ -i^m-^^'p)^ mfs.-^ 

a-tzx-ei*, i^uss (**^;^«) ^mwsmmntm-<D 

mi&^^ir^bm-m^B^. ^tzitii^:^mmm^iist 

[0 0 6 6] (mf^L^mu) ^mm<Dmf$.^(omm-(^ 

10 0-15 0/i7.iD)\y ' f:l><DM/dc*^^t#^o 

[0 0 6 7] );iT(DmMMxit. m-^it^^o^oi^mm 
Ltzo mmrnxmi^tzmm^mt. vxtu>^'^u=3- 

M,^tziSb\Z^ (Hegman) V?E)<ffll^t> 

//m (Imi I) (7);3l^rMt!l4S-C0(7);lg$^-r?{li$^Lr 

-rs^Siftii. 10-1 s/imcDmeacDx 

MCiIi. 3-8 A/maDPBlT*fe>&o ^ ^ 

[0 0 6 8] 5)^(3. '^-x hcD^^t^^!(:^^;^)^^^^'&?^ 



fS.if^A s e c-1(7)-tJ:^l5fiiST' 140-200Pa-s 
^CD:^>£r% 't7x*v $^30-80^^D>. 

»t5±(C^na-e^^7{)<. »^L<(*. 2 0 0-32 
5^ ':/vi3.x^ U — >^ffll^ycgBX^ y— ^X-x^v 

O 0°CJ:yfi;gtr. L < f*$^ 1 5 0°CT% 5-15 

T'JpTf^SS-T'So ^:iT% ?J\'&(Dl^m.1^mt. $^3 0 0 
-6 0 0°CTfWtS«*4^tI#^< L. ^Bgl^r. $^7 0 0 

-1 o 0 0°CCDSiS;SJ£ISPBl?b^*?J5-i 5^J^raj«#. * 
PpISST: ^ tT.'S t Mb^JSJS. ^ IMiil-r ^ ^ 

-;u5ro >fr cfe y S y mhmmM^'^m<*fztb(D t, (7) 
T*fe-5o 'MiSffiS^^*!*. 'M/5E;M^fciit-i,^tr(D$^2 
o-2 5:«^. '^liSSSr^cD^D 1 o^^fel. fcctt;<7— 

0>r(D$^2 0-2 5^^^'^<?f. $tl1 B#r01^T:t^+L^CD;^)< 

[0 0 6 9] (^]5S0«J 1 - 1 1 ) 1 ofl(;):tf^x^±i?n 
Lfc:^;±r'tglML. f^fii^Ls Xjg[e]fif (XRD) fccti/ 

TT-mma^m (dta) iCcfcy4$i4^7FLtco DTA3b^t, 

i#«b;h.'&:^*^X$E^SS (Tg) fcJ:t/fl^?i;IiJ:^(i. 3 
00-5 50°C. Ll^tiCD[^3 5 0-5 O 0°CO® 
Hl^fcofco ^SgB^ic-ll^* 1 ofl(D:tf^X(d:. «2rr^ 
Lfco HJSffyi 1 T^^OXT (DE) (D-t^^f^USV 
h> (W i I m i n g t o n) (7)^— ■ ' "T^^tKV 

. ' >iA-;u ■ 7> K • ±I>/n"x— (E. I. d u 
Pontde Nemours and Compa 

n y) {z^i)m&^Hxi^immmzA^v^hm&v 

fe'S o 

[0 0 7 0] ^;u%T'^Lfc*i/3c^. mmmzA^-^m 
cdfcj:i;p b7^)<#^^+L^^l^*•^x (ussi^iji d 

ti^lz. mziZTikLfzo ±X(Dmm±*'y:^\t. s i 02 
^3 0. o^;u%'#<59-. 1i!i(D7 o^;u%li. S2C7)SiS 
0ij2COck3l3B i2 03 ;^)^b^i:ys ^fcliS^^M^^b 
^ts \2 03 <tCD*I^^4:)-t^-C:fe*o B i 2 O3-S i 

02 ^Ji. m^^m\zi!^r^t^mz^^tits:min:X^^). 

S i 02 (D;1^^3 0^;U%(cS^L/cii'&. ^*tbCD 

[007 1 ] 
[^2] 



(9) !^P^3p8-2 5 3 34 2 





1 
1 


9? ^56 789 10 11 








M g O 






^ n <J 


in ft 


9ft ft — — — — 6 70 


C u 0 


Oft ft 


Aft ft — — — 0 50 


CoO 


5,0 


._ 20. 0 40. 0 — — — — ~ 


MnO 




„ 20. 0 40. 0 — — 


F e2 03 




_ _ — — 20. 0 40. 0 — 


A 1 2 03 






B2 03 






B i 2 03 


35.0 


70. 0 30. 0 50. 0 50. 0 30. 0 50. 0 30. 0 50. 0 .30. 0 5. 00 


S i 02 


30.0 


30. 0 30. 0 30. 0 30. 0 30. 0 30. 0 30. 0 30. 0 30. 0 1 7. 40 


Z r 02 







imi&M^ 2-16) :i^(D+^>':f)\y{t. TFmnf^^CD m^M^^o 
iff Ll^exvX^^:b*^X^ LTCDiiffltt^iftS^-r-i)*! [0 0 7 2] 

mm. mm%) 

15 16 

30.0 30.0 

20. 0 30.0 

20.0 10.0 

^siiSftioo %tx-(Dmm ^ 



mmmNo. n 13 u 

(BiiGd)Ru207 30.0 30.0 30.0 

^Jgl^iJll^y^X - 40.0 10.0 

m^m2^'7X 40.0 - 30.0 



R (Q/n/mll) 265.3 

CV (%) 4.34 

HTCR (ppm /^C) -1128 

CTCR (ppm /'O) -2199 

[0 0 7 3] *ll)5fi^Jl 4. 1 5fcJ:l/1 6 HJSI^J 
Lfzo ) 

mmm^ 2-1 eoitKi*. S3. fccfct/n 

ZlZTjkiTo ^3 It. mmmZ(D±'^:^ (7 0m/o B 
i 2 03 ; 3 Om/^o S i 02 ) 0^l^mc7)T C Rfc 

1 1ta):?U>Kl*. ffitx^fccfct/HTCR^iS^DL. 



L318.2 


868. 4 


585.7 


2441. I 


9.00 


5.12 


8.17 


7.14 


287.7 


-814.2 


-403. 5 


-384. 2 


198.3 


-1483,0 


-747.3 


-646.9 



^-^Vf (HTCR-CTCR) ^M'>t''5o la 2 (i. 

^sl^TCR^DJ:^/^>^:/7^^^■r^^^fi/^£ifel?^)<. mm^m 

1 1 ) / (llJSff'Jl 1 +IISS01J2) (Dlt;!)<0. 9-1. 

0<D®Hlcfe^^#|cf#e>;|x. c:cdJ±(DIbH (H i ) <?:> 

[0 0 7 4] (»JS0'J 1 7 ~ 2 1 ) 

[0 0 7 5] 

[S4l 



(10) if#ga¥8~2 5 3 34 2 



(BiiGd)Ru307 



mSL (SB96) 

17 13 19 20 21 

20.0 20.0 20.0 20.0 20.0 

50.0 1 2.5 25.0 37.5 

50.0 - 37.5 25.0 12.5 



0,744 30.809 11.785 15,485 too high > 80 MQ 

4.05 27.4 10. B 25.0 
-1025 414. B -945.8 - 559.7 
-1944 299.2 -172S.0 -1017.0 



R (krQ/n/inil ) 
CV (%) 
HTCR (ppm /"C) 
CTCR (ppm /'C) 

[0 0 7 6] *l|]5S0'Ji9. 2 ofccfcLf^a 1 1*. m^M 

MLtzo ) 

(B i 1 Gd) Ru2 07 t<Z O fi»%(Dlil5S0iJ 1 7- 
[0 0 7 7] WIS. ^+ie>(D4'"e®S?5:<D(i. ex-^x 

cfcy^V^:/:^ (HTCR-CTCR) ;!)<M'>Lfco <aT 

mmm^o, 22 

RUO2 20. 0 

Sj!feUii2:*'^X 50.0 

wtatK*ioo %^-c<Diia 

R (Q/n/mil) 32.46 

CV (%) 6.47 

HTCR (ppm /r) -844.9 

CTCR (ppm /t:) -1022.0 

[0 0 8 0] ^mi&M2 4. 2 5 fee): t/ 2 6 (i. USS^O 

2 2fej:i;2 som^Mo-Jiy^ [^-t^ztiz^ ijmM 

Lfco (II15S<?'J2 2feci:l/2 3 1*. a-ju^M^^^JM 

mLtzo ) 

^5. fecfet/iasfe^cfct/gieii. Ru02/^t'X^XK 
(2 2) ICcfc^iSJSJ/Cip^t. iH]B#{C^^^(z1£T 

ffi^f*. TCRA<iiJD-r*<!:Sfii;b<M'>-rSo -CD 



CR. iS^^^v^^fe^cfct/cfcySl^jam (E13fec);l/lll 

4) it. immm^ d / (HJS^'Ji ^+mmm2iS'7 

-So 

[007 8] immm 22-26) mmwi^ai*. i^its 

fecfcl^^eicTK-To 



[0 0 7 9] 

[as] 












23 24 


25 


26 


20.0 20,0 


20.0 


20.0 


50.0 12.5 


25.0 


37.5 


37.5 


25.0 


12.5 



41.84 


25.71 


31.679 


35.10 


7.52 


4.38 


3.04 


3. 78 


647.9 


370.2 


719.9 


654.4 


656.5 


263.6 


718.5 


652.2 



LT. S:Stt^^5i-?t^b-r-5TCR K^-f (Nb2 
05 , MnOx ) (D^^i^JIfC^T'^SCli:*^^;!!)^;^. 

mm^ 1) / mmm^ ^ +mmm2±'^^) rotbA^ 
1. 6-2. 4(75ioHi-(4s-r-5) (US) „ mmrn-i i 

(Dii^7.X'<D\-\T CFKOmMt. (R) (Dt^lZ 

m&Vi>^ : ffi^, T CRltR tt i,izm'P L. H T C 

Rcommt. TCR^d:yisTL, mR<ot^0m^)Wi 

L^tt^JJ:l/>' 'TX (ills:, Ru02 ^ffitn:<7)Fo^gl) 



(11) 



8-253342 



[0 0 8 1] (Slffii?"J 2 7 - 3 1 ) ae. tsJzifmits 



No. 27 

BiaRuaOr 30.0 

IIJfieiJ3;?(f^X 40.0 

§1ii«*100 96*T0^« 

R (Q/n/nil) 22G.1 

CV (%) 9.32 

HTCR (ppai /"C) -239.9 

CTGR (ppn /•G) -520.9 



[0 0 8 3] *mMMz9. 3 ois^xSs Mt. mMM 

Lfco (llj5£^J2 7fcJ:t/2 8(i. ;U5 ;Kc<J: y IS 
KLfcc ) 

^mmz 7-3 1 -efflt^f-B i 2 R u2 07 h. t^tjilj 



mm3(Dii^7s^ 30Bi2O3 40CuOx30Si 
02 <D^^ffl$'^LTL^i>o 

[0 0 8 2] 

[«6] 

11^ (SS^) 



28 


29 


3Q 


31 


30.0 


30.0 


30.0 


30.0 


40.0 


LO.O 


20.0 


30.0 




30.0 


20.0 


10.0 


12185.0 


1991.9 


1080.1 


1184.0 


14.0 


12.7 


8.49 


6.15 


-371.7 


-274.4 


-97.7 


-137. 1 


-760.1 


-498. 7 


-272.9 


-350.6 



[0084] (mMM 32-34) :A<X) = OOHSE^O 
(3 2-3 4) I*. CoRu04 (tl— S X ^ *t*'4) <D 

-5><l:NTC-tl— ^X^CDTCRTb^^li^OL. ZL:h^lt. ^± 
fZftCD T C R SlSffitfCO) N T C-b— 5 X ^ 

[0085] C0RU04 <DmmM:f3(DU^(DmfS.it. 

^7|C7F-^o 
[0 0 8 6] 
[S7] 



(12) *#P,3^8-25 3 342 



^ffeWNo. 32 33 34 

RuOa 20.0 20.0 20.0 

•mmm5:^*'7 7. 5o.o 

mmmeij'^x - 50.0 

mmm2ij^:x 50,0 



m 1 

R (Q/D/iDil) 11.118 -12.984 32.46 

CV i%) 10.6 7.40 B.47 

HTCR (ppra /T:) -599. 0 -392. 3 -844.9 

CTCR (ppra /"C) -1019.0 -678. 1 -1022.0 



R (Q/D/mil) 25.569 26.924 42.417 

CV (%) 11.8 9.26 7.81 

HTCR (ppn /X:) -832.8 -530.4 -607.6 

CTCR (ppm /t:) -1333. 0 -877.0 -1137.0 



R (Q/O/mil) 40.508 49.757 54.617 

CV (%) 10.2 11.5 11.6 

HTCR (ppiii /^C) -962.4 -7Q6. 5 -650.0 

CTCR (ppiii /X:) -1469,0 -1091.0 -1265.0 



R {Q/D/mil) 
CV {%) 
HTCR (ppm /*C) 
CTCR (ppm /X:) 

[O O 8 7] S7CD^— -S^f*. Co^*:tf^X/RuO 

2 cD^^fi«5^^*:)1tl*. <gtStjL^fcci:i;^:^(cm(7)TCR5 

[0 0 8 8] 2fcJ:t/3 3 1*. if^J^KCD 

lH]^C7)i^ffl(t LT. TCR(D^iiT:^i:l^^lj!)$'7F■ro - 

t* X-7X:t)^X 70Bi2O3. 30SiO2 

t;o ) 'MmmSZ. 3 3fcctl>'3 4(Daafi^J±$5!*. 

3) (i. imiiimts <^ isno T CR^^L. ztiit^^ 

HTCRfi. %Ammjs.^^(r>'mmm3 2^^:1/3 3cdh 
TCRcty/h^iv MiStHiisA<ii*a-rsi::onr. mm 

ms 2.n^XS3 3\'^^ H T C RA<^llillC;M'>-r ^?^)^^ — 
Slifi^y 3 4 rM*. m2ls]J^Jilc^|CHTCRCOliiD3!)< 



9G. 803 63.352 

16.0 12.5 

-918.3 -670.0 

-1299.0 -1322 

fey. m 3 sfccfci/m 4 H'^js^c: h t c r t*i^^(c/jx 
[0 0 8 9] m^f6^^mmisi^'afkm\ztit>ip^^:it 

i)o C02 Ru04 li. ll)5S^?iJ3 2 fccfcl/3 3TSii«il 

[0090] (II15S<51J3 5-4 7) ||]SE^]4. Sfcctl/ 
9a):b*^X;g^*^5^ffil\ Ctlb?- (B i 1 G d) Ru 
207 fcJ:tf^Co2 Ru04 <i:?g^L. ^<^iiS*$^^9 5 
«S%C7)U^;U*-r;SAp-r^CtlCc^:y. -51C0 1 211 

fco asf*. C(D^<7)fl><7CDfflJ?E!^CDRfccl:Ll^TCR$' 
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